Abstract-Gait disorder is the inability of a person to assume upright position, maintain neither balance nor the aptitude to initiate and sustain rhythmic stepping. This form of disability may originate from cerebellar disease, stroke, spinal injury, cardiac disease or other general conditions that may bring about such disorder. Studies have shown that one's mobility may be improved with continuous locomotor activity. Traditional rehabilitation therapy is deemed labour as well as cost intensive. Rehabilitation robotics has been explored to address the drawbacks of conventional rehabilitation therapy and the increasing demand for gait rehabilitation. This paper presents a simple yet decent technique in the control and actuation of a new Dynamic Ankle-Foot Orthosis (DAFO) designed to rehabilitate the dorsiflexion and plantarflexion motion of the ankle. The DAFO is equipped with two force sensitive resistors (FSR), which act as a limit switch controlling the actuation of the DC motor to a certain dorsiflexion/plantarflexion motion according to the gait phases detected. The results show that the two FSR sensors are sufficient to detect gait phases and act as limit switches to control the actuation of the ankle DC motors, and thus proving the potential of the current system and design for future application.
INTRODUCTION
World Health Organisation's (WHO) 2013 World Health Statistics reported that 8% of Malaysia's population is well above 60 years old [1] [2] . Whilst, about 11% and 7.2% of children aged between 0 to 18 years are discovered with physical and cerebral palsy disabilities, respectively was reported in the Malaysian Ministry of Health's annual report 2011 [2] [3] . The report also suggests that there is an average increase of 300% of stroke patients on top of 1.2 million new diabetic cases reported annually. It is not uncommon that gait abnormalities affect the aforesaid percentile [4] . Gait, in essence is one's ability in maintaining balance and assume the upright position as well as one's capability in initiating and sustaining rhythmic stepping [5] . Gait disorders may originate from cerebellar disease, neuromuscular disease, cardiac disease, cognitive impairment, stroke, brain or spinal injury or even other general circumstances that may cause this condition [6] [7] [8] .
Owing to the rising number of aging society globally as well as other contributing factors, the demand for rehabilitation services is on the rise [1] [2] [3] [5] [6] [7] . It is evident from previous studies that through continuous locomotion activity, patient's mobility may be improved [8] [9] [10] . Traditional rehabilitation therapy in facilitating this form of activity requires the support of at least two physical therapists [11] . However, this form of therapy is deemed too laborious to the therapist as well as cost demanding. This scenario has led the research community to address the drawbacks of conventional rehabilitation therapy as well as the increasing demand for gait rehabilitation by engaging robotics.
Hitherto, there are several types of lower limb rehabilitation robotic systems that have been developed to facilitate mobility restoration of the affected limbs namely treadmill gait trainers, foot-plate based trainers, overground gait trainers, stationary gait trainers as well as ankle rehabilitation systems [12] . The ankle rehabilitation systems may be further classified into stationary systems and active foot orthoses, respectively. The former robotic mechanism is designed to rehabilitate the target limb without requiring the patient to walk, whilst the latter requires the patient to walk on a treadmill or simply overground.
We have been developing a new Dynamic Ankle-FootOrthosis (DAFO) to facilitate lower limb rehabilitative initiatives in Malaysia [13] [14] [15] [16] . The DAFO is designed to rehabilitate the dorsiflexion and plantarflexion motion viz. upward and downward motion of the ankle. This paper describes a simple yet decent technique in the control and actuation of the DAFO. The objectives of the present study is to investigate the effectiveness of a simple control algorithm triggered by the force sensors that defines the motion of the DAFO which replicates the gait cycle of a healthy person.
II. METHODOLOGY

A. Design of the DAFO
The material used in the fabrication of the DAFO is primarily Polypropylene. Acrylonitrile Butadiene Styrene (ABS) is also used in some parts along with Ethylene Propylene Diene Monomer (EPDM) rubber as well as stainless steel. It is equipped with two force sensitive resistors (FSRs) This research is funded by the Ministry of Science, Technology and Innovation (MOSTI), Malaysia and Universiti Teknologi MARA (ScienceFund -Grant no.: 100-RMI/SF 16/6/2 (7/2012)).
which act as a limit switch to actuate the DC motor which controls the dorsiflexion/plantarflexion motion.
The locations of the FSR sensors are depicted in Fig. 1 . The sensors are placed on the 1 st metatarsal head (Sensor 1) and on the heel (Sensor 2) of the DAFO, respectively as the locations were suggested to give significant pressure distribution [14, 17] . A DC motor with encoder (SPG30-300K) is fixed on the ankle position of the DAFO. The control unit consists of Arduino UNO as a microcontroller with DC motor driver and control circuit. Once the toe or heel touches the ground, the FSRs sensor will produce an analog signal in voltage form to an Analog/Digital converter in the microcontroller. The analog signal is converted to digital signal via the aforementioned Analog/Digital converter. The digital signal is then converted back to analog signal as output signals to the motor driver allowing the DC motor to rotate. The angle that is produced through the rotation of the DC motor is recorded by an encoder and transferred as input signals to the encoder counter function for angle measurement in accordance to designated gait phase. Fig. 2 illustrates the assembly of the DAFO. 
B. Control Algorithm 1) Gait Phase Detection Algorithm:
A complete gait cycle is often divided into five distinct gait events namely, heel strike (HS), foot flat (FF), heel off (HO), toe off (TO) and swing (S) which in turn gives rise to six transition events [17] . The gait events are determined by the FSR sensors attached on the DAFO. Table 1 tabulates the gait phase detection algorithm whilst the detailed transition events are as follows:
First Transition (T1): It is the transition that occurs between the swing phase and heel strike phase. Within this transition period the algorithm awaits for the initialization to occur. The initialization begins upon initial contact of the heel with the ground viz. FSR sensor 2 is ON.
Second Transition (T2): It is the transition that occurs between heel strike and foot flat. In this event both FSR sensors are ON as the foot is completely in contact with the ground.
Third Transition (T3): It is the transition that occurs between flat foot and heel off. In the foot flat phase, the algorithm awaits for the heel off phase to be initialized. It is initialized, once the FSR sensor 2 is detected to be OFF.
Fourth Transition (T4): It is the transition that occurs between heels off and toe off. In this phase both FSR sensors are OFF.
Fifth Transition (T5): It is the transition that occurs between toe off and swing. In this phase, both of the FSR sensors are also detected to be OFF.
Sixth Transition (T6): It is the transition occurs between heel off and flat foot. If this case happens, the sensors behave akin to T2. 2) Actuator Control Algorithm: The DC motors are actuated based on gait phase detection algorithm described above. Table 2 illustrates the dorsiflexion/plantarflexion motion produced with respect to the sensor activation algorithm for one complete gait cycle. The response of forces from sensor1 and sensor2 are plotted in Figure 4 . The feedbacks depict differently considering to the sensors placement, given the sensor1 for toeon stage whilst sensor2 at heel-strike state of ground force measurement. The analogue readings obtained from the FSRs sensor does not reflect the actual forces and further refinement is required by adhering to standard experimental protocol. At the moment, the FSRs are merely used as foot switches to actuate the DC motor controlling the DAFO according the normal gait pattern.
IV. CONCLUSION
This paper has successfully presented a simple control technique employed on a newly developed DAFO. It is apparent that two FSR sensors are sufficient enough to detect gait phases and act as limit switches to control the actuation of the ankle DC motors. Further investigations and refinement on the control strategy to provide the patients with better dorsiflexion/plantarflexion rehabilitation will be reported imminently.
